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Abstract: 

PROBLEM TO BE SOLVED: To provide an objective lens for projection being suitable for short- wavelength 
lithography. SOLUTION: This objective lens for projection is used for the short- wavelength microlithography whose 
wavelength is preferably ^100 nm. Besides, it is provided with six mirrors, that means, the 1 st mirror S 1 to the 6th 
mirror S6 arranged so that numerical aperture(NA) at an image side becomes NA ^0.15. Then, the 5th mirror S5 
arranged at a position being nearest to a wafer surface 4 is arranged so as to be separated at a prescribed distance from 
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fclttfO **MW6. SmtC. 2i^7-^S5, S6 
5 0 3<i^7-f*^3fc^O©Hi:, 2fl5 9*-*:/# 

[0 0 2 7] feStiHafHIB^RB**, i2>7-S2 
^I3^7-S3i«:, EKSJvO**. BlfcW 
WHca^i"*.*: 5K> BBRftOR^aBtt, ^2^7-S 

2 £f53 3 tOWlC*5Jt5^-AgJ8«fijC*5l^ 



7-S5h !>^-/>S4<i:, OPflcoKiffi (RBH3) tt, 

[S5 3ft»e>l>*-^ffi4^**E(t] > [S 

LTOftfeOS*^ffl3t1-^^t>^«g-efoSo IB 
5 S 7— S 5 <!: ^^-/n®4 k(D$](D$gMt Lt, 
(1) {^-/McflkfciSV^?— S 5 6Q{£/Bi£a<E>3# 
cDlcog££. 20mmt (Oft J; 9 i> <fc 5 ft^ 
81, fcSl^te, (2) 5OmmJ:0fc:fctV^5fcE 

[0 0 2 8] ^©±5*Jt*tt**4®ttt. o£9t> 
*# v^<fc 5 ft+#lc*# ft y y -4»flsH**r«8E U 

#£L<I*1 1-1 3nm^8St^ofcJ:54 
1 0 0 nmMIOMI^Lt^iCi^LfcXfll 

Tit, Mo/S i^l^Mo/Be#iP 

^ = 13nmCMlT*SW#M 
H Mo/Sii^$)l A = llnml:^Lm 
Mo/Be^$)5c ^TftOjt^C^Tfc, *$7 0 

tt, 3 5 OMPa SrjBx-SJiJtS^^jEr 0#S D C£><£ 

[0 0 2 9] «A.«BHtc^S*L-Ci^±5ft, 

J: RES = k 1 X/NA fc^5Mfl*5£ 

ZmtcLX^Z> 0 Ztlft, */h5 0nmtV^5^|WIHfc 

s<7*~* t Lfc^tlC, Ma&NA£gr/h<E>0. 2^ 
•f^tf, = 1 3 nm(C*fLT k x =0. 7 7^c:joV^ 
t\ ^ = 1 1 nmlC^ltk 1 =0. 6 4tC*3V> 

T> »/h3 5nmfcV^3^*IMfc«3»#b*uS D 
[0 0 3 0] *fc, Hlfc*"rS*ftU'^X©lf— 
tt, PS*OftV^O-e*>5o flit ftf. 2 6 X 3 4 c m 2 
fc5^H2 6X 5 2 cm 2 fc V^5^f^ —^7*— h 

^>ft< <h^2 6mmt?fe^J:5)ft, Ra^iBS*36ft 

[oo3i] &&Rftmw\z#^x\** 



-7- 



fiio fl ^T-e^^o u&»fc, Hio***tt, o. 2 

iV^5flBPjftlC*tL-C, /M^^/UfcasV^T, lm 

r a d fcv*5^ ****** 
LTV**. 

[0 0 3 2] *#4^^-^iTOr^tyMJ y^tt 

Ttt* PiPB^ ±l:gH7-SUS3^7-S3 
HS#«rfcU ^<OHP*(R^HaLfelS?LB*, ft* 

[0 0 3 3] 1 JCfcttS^TOS y-S 1 ~S 6 

[0 0 3 4] 6flS5— ^U^X<0*#ftAlWlS 
ft, J|S5 5?-S5fc*5^TiB£!K »18. 4° -Cfc 

5 0 s y-±m^t>ft^x<DA^n&(omxmith, * 
fc, sis^7-s 5tc*jv^jgr 9, fti 4. 7 0 xh 

5, A = l 3nmiC*5lt5KB»Slfi, 0. 0 3 2 U 
0t>S»"C*9. W^h>f^-^lWl/»t 3n 

[0 0 3 5] i2^7-tf3 S^-fc^lfflfcfctfaBB 

PWJH^Stt, &&\CT ?±x*jmtt:h<DXhZ>o Kin 



II, 0. 5< S1S3/S1S2 <2, ri>0, 0. 5 

< cs2ggp] / (S3BIP) <2t^o&mm&t! 
::-c, ia#s 1 S3tt, p^9-s i, s3<dti^^ 

o \^<nw<D®mwm*im\sX\^> ts 2sa 

P) tt, 5 9-S2<0ffljRtBBPt<DlHo«l«ttE««: 

«3feL-cvs. sbic, hi, 3, 4<o^ti^mmm 

1R\a6^Xi>s 5?-±^<BAltA£fc«^S*5fcfc 
tc, i/f^/u^bS l^olBBW:, S 2d*bS 3^<DE 

/WS l<S2S3tV>5Wi^4lTV^ 0 #£L< 
tt, ft*5<0$9- (#Jx:tf, S 2) (DWljj 

*©3SrlRlK:fio-C, +4Ht<^flraL-C^5o 

iCft, U?*;Vb S 2 fceOMOfflHWt, 80m 

[0036] tfc, Bl, 3, 4, 5<0itlSB?ffilC*5l^ 

Tit, ;?-S3, S6ra<oraPBf^ ztib^y-s 
3, S6t LT+»ftJS$<0^7-Srttffl-et5J:5* 

ttt, ±»<&J:5tt*#4JBrt»rtlc 

m»:fc^t|j:, 0. 3X (S 3<D4£ffli£&+S 6 
flMSWHBS) <S3S6t^3H«t?*5^t*s#*L 

[0 0 3 7] |^T^ 1 lC*5V>Tf*, m 1 \£Wtf Lfcft 
Code V *#T-«^S 
nxv>5 0 26X2mm 2 £^5Ha?g 

W^l^o|P»0. 2 tStlfc5ffiF<D3t^-C 
r©***©>r^-^«T?^5Fie¥an, ^26 

[£l] 
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£8 




fc6 


947 




INF 


80.9127 
413.0257 


258. 1723 




S l 


A(l) 


-88. 8251 
-324. 2006 
0.0000 


197. 5712 
195.6194 

188.6170 


REFL 


S 2 


A (2) 


324. 2006 
EfiP 

423.6214 
0.0000 


188.7078 
67. 1798 

183.2180 


REFL ~| 


S 3 


AO) 


-423,6214 
-74. 9270 


184.7062 
519. 0546 


REFL 


S 4 


A (4) 


498. 5464 
109.8242 
281. 5288 


641.0453 
248. 6244 

177. 5488 


REFL 


S5 


A (5) 


-281.5288 


65. 0842 


REFL 


S 6 


A (6) 


281.5288 


187.9549 
78. 3999 


REFL 






59. 9202 


53.9889 






ft* 


K 


I 


+<A)YMB)Y'« 
B 


► <C)Y*+{D)Y" 
C 


D 


A(!) 


0.00031800 


-27.686599 ( 


).00000E+O0 


1. 32694E-I5 


2.00546E-20 


-8.49471E-25 


A (2) 


0. 00094928 


-3.998204 ( 


>.00000E+00 


4.03894E-I5 


-6. 15047E-20 


2. 73303E-25 


A(3) 


0.00126752 


0.424198 ( 


). OOOOOE+OO 


1. 58766E-15 


-8.27965E-20 


2.80328E-24 


A (4) 


0. 00123850 


0.023155 ( 


3.00000E+00 


2. 46048E-17 


-1.08266E-22 


3. 75259E-28 


A (5) 


0. 00329892 


2.902916 ( 


). OO000E-KX) 


1. 55628E-12 


-6.71619E-17 


-5. 30S79E-21 


A (6) 


0. 00277563 


0. 072942 ( 


). OOOOOE+OO 


2. 96285E-16 


3.99125E-21 


4.55007E-26|| 


£J82fcf*=l 3nm | 



[0 0 3 8] [U2lCte v *II4$lW*ffl3^5, 6 8 6, 

£*vtv>5o mi \z&rtzuwtmnft\zmm<Dnmz 

[00 3 9]B3l^tt« 6*5?-***©ft»TOfc 

mi s 7-±.\cmm£thX^^z> 0 ros^ic*^ 

"CO (S5^^) BBSSH, 6 0mm-Cfc5o £oT, 



ft, *o*H«rffWJBe»»5 f 6 8 6, 7 2 8»©i* 
[0 0 4 0] HKOJtftU'^XIcWL-COlOOffiitjR 

tt, H3lc*sv^rtt, Hnfl|(B¥9Btf* 9 — s 
#&a*S 1 is 2 fcoBfcEBSiiT^5»^^tt, * 

wt, m^v>rt\sxmj££nx\<^mnfflm^m*m 

So 

10 0 4 1 ] rw»2H16?glBoteo?iJ^«:, S 5—S 

s sic&^Tjgr r>, mis. 6° xhz> 0 mj$.<D$iffi 

mm*. 1. 7mmf@(DR3E^^rt(C^VNTfi> X = 
1 3 nmtCrtel^T, 0. 0 3 2 ^-Cfc^ o ^ 7~ 

S4#0. 4 m^iltbf ^t^5i^ 
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(CI*, KSiaUft, 1. 8mm«<DRffiJI5«»rttC*3^ 
X\t, k= 1 3 nralC^V^, 0. 0 3Utfe5, 

nbtiZo &*l<\*. MQmm^®\*. s2si 
^ o. 9x (S2MP] t^ommzmit-rtiizL 



xmmtiZo 

[004 2] $211 El3{C:0iJ^Lyt5fg^UVX(7> 

(DW&Ktt, S4^7-S4I1 &mX$>6o 2 6X 
1. 7 mm 2 t^O J *-iS&m\C£>tf 
ft2 6mmT?&5o 
[Sc2] 



©#No. 




0$ 


mm 


— 1 




IXF 


85. 2401 
358. 4668 


256. 1389 




S 1 


A{1) 


0.0024 
-358. 4691 
0. 0000 


203.8941 
203. 8845 

201.9677 


REFL 


S2 


A (2) 


358.4691 
390? 5466 
0.0000 


201.9942 
60. 7572 

187.2498 


REFt 


S 3 


A(3) 


-390. 5456 
-104. 1273 


188. 9474 
505.8686 


REFL 


S 4 


A(4) 


494. 6729 
114. 3062 
281.6969 


550.3686 
256.9217 

181.7337 


REFL 


S 5 


A (5) 


-281.6969 


64. 4286 


REFL 


S 6 


A (6) 


281. 6969 


187. 8549 
78. 1545 


REFL 






60. 0041 


53. 6996 








;i + (l-(l+K)( 
K 


W)T) ,r 
K 


+ (A)Y* + (B)Y^ 
B 


KC)Y"+(D>Y" > 
C 


D 


Ad) 


0.00035280 


-58. 238840 


3. OOOOOE+OO 


2, 14093E-15 


2.29498E-20 


0. OOOOOE+OO 


A (2) 


0. 00097971 


-4. 160335 


). 0O000F.+OO 


1. 54696E-f5 


8. 15622E-21 


0. OOOOOE+OO 


A (3) 


0.00117863 


-2. 136423 


}. OOOOOB+OO 


-I. 7856SE-16 


3. 45466E-20 


0. OOOOOE+OO 


A (4) 


0.00124362 


0.000000 


). 0O000E+O0 


0. OOOOOE+OO 


0. OOOOOE+OO 


0. 00000E+O0 


A (5) 


0. 00338832 


2. 909987 


). OOOOOE+OO 


7. 90I23E-13 


7. 04899E-17 


0. OOOOOE+OO 


A(B) 


0.00278660 


0.062534 


). OOOOOE+OO 


2. 79526F-16 


7. 00741E-21 


0. OOOOOE+OO 


3nm 



[0043] ^.(Dmmmm msnmsm *k m*\z 

7-t4^S2^7-S2±C, *¥ttfca»o»Btt 
teEBSfiTi^S. S 2±JcBBP»JR¥aS:EaM-5r 

X, 2mm«©Ra»fi»rt(:*^T«:, l = 13nm 
t£:fcV>T, j&BK£d*0. 0 2 1 ttfflSftT 
l*SfcO<0^Ofi*O##ffitttt:, 11. 2nmXh 



9, ft**>Al«&ftH\ S5fc*5V*"OB£!K ft 18. 

3° -e&5o 

Ij3«tt5»2*lfi»litra«^, ft2 6mm-C&5o £ 
fc, ^t, />Klftt>ifiV^ 7— S 5 t. <D 

m<D$mft, i)xwM:fti6^^7-S50SfJ:?) 

[0 044]$3lt i4 [CM* L7cfg 3 SfettflHRKft 
*-*«\ Code V (2MM0 

LTV**. 
[S3] 
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S 1 



S2 



S3 



S4 



S5 



S6 



INF 



A(l) 



A (2) 



A (3) 



A (4) 



A (5) 



A (6) 





84.0595 
473. 5521 



-145.8261 
-327. 7260 
0.0000 



473.5521 
190.4830 
0.0000 



190. 4830 
-399. 1713 



589.6560 
207.5220 
276. 2668 



•276. 2668 



276.2668 



59.0000 

53.9968 

-(UK) mm , Y 1 > l "}+<A)r f (B)y+<C)YV(D)Y« 



205.6642 



147.3830 
136. 4700 



112.0176 



112.1228 
163. 5238 



184. 4783 



185. 3828 
358.6720 



654. 5228 
310.1977 

175.3066 



55.2138 



182.8159 
77. 5085 



REFL 



REFL 



REFL 



REFL 



REFL 



REFL 







K 1 


A 


B 


C 


0 


AU) 


0.00015851 


441.008070 


0. OOOOOEtOO 


-3.49916E-16 


1.27478E-19 


-3.37021E-2B 


A (2) 


0.OO0B9932 


-5. 032907 


0. 0O000E+O0 


-6. 95852E-15 


-7. 53238B-20 


-2. 74751E-24 


A<3) 


0. 00188578 


0.913039 


O.OOOOOE-KJO 


-1.60100E-15 


-9. 63850E-20 


1.30729E-26 


A (4) 


0.00108147 


0.038602 


0. 0OOO0E4<» 


2. 48925E-18 


-5. 29046E-24 


-4. 37U7E-3I 


A (5) 


0. 00269068 


7. 253316 


0. 00000E+O0 


-5. 70008E-13 


-9. 32236E-17 


-6.09046E-21 


A (6) 


0. 00281036 


0. 150957 


0. 00OOOE+O0 


1.30822E-15 


1.86627E-20 


5.0B158E-25 


£fia»g= 1 3 nm 



[0 0 4 5] B5«t, «^^4»I^^lt*J 

JS5*iJ;tfJB6 5, s 6d»fefca!B2iJ-:/v* 

*>3J:5*, !B2 f »3, $4;7-S2 > S3, S4 



iPlll NA=0. 28Tfc£ 0 M0^7-S5i: 

[004 61 S4H 05 L7t® 4 SltBgffifcSS 

tt*3fe^W'<7*-*Sr, Code V (Sftj8f«) 

U&4] 
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*4? \ 




ISP 


151.2625 
229.0820 


194.7605 




I 


A(l) 


-39.4068 
-189. 67S2 

Bin 

0.0000 


162.9862 
147. 1426 

65.0637 


REFL 


S2 


A(2) 


229.0820 
137. 5708 
0.0000 


65.1660 
168.3504 

230.6128 


REFL I 


S 3 


A{3) 


-137. 5708 
-300.3445 


234.0072 
386.2567 


REFL | 


S4 


A{4> 


437.9153 
133.0981 
353.0840 


630.7784 
343. 1578 

257.0225 


REFL | 


S 5 


A<5> 


-353.0840 


79.9521 


REFL 


S6 


A(6) 


353.0840 


264.2853 
78.6376 


HEFL 






44.0000 


54.0051 






fc/fi+O- 


K 

E 


) ,/, ] + (A)T'+ 

A 

F 


OB)y'+(C)T-i(I 

/(EJY^OOY* 

B 

C 


))V 

«(G)Y"+(H)Y»+ 

C 

H 


W 

J 


A(l> 


-0. 000*0028 


0.000000 
0. 00000E+O0 


-3.S5378E-09 
0. 0O0O0E+O0 


5, 38841E-14 
0. OOOOOE+OO 


-7. 88902E-19 
O.OOOOOE+OO 


-6.07886E-24 
0. 00000E+O0[ 


A(2) 


0.00040002 


0.000000 
0. OOOOOE+OO 


1.68187E-07 
0. OOOOOE+OO 


2. 05570E-12 
0. OOOOOE+OO 


2.42710E-16 
0. OOOOOE+OO 


6.69764E-20 
0. OOOOOE+OO 


A(3) 


0.00113964 


-2.760863 
0. 00000E+O0 


0. OOOOOE+OO 
0. OOOOOE+OO 


-3, 55779fi-lft 
0. OOOOOE+OO 


1.03 88 IE- 1 9 
0. OOOOOE+OO 


-3.64996E-24 
0. OOOOOE+OO 


A(4) 


0.00128753 


0.019273 
-6.20361E-33 


0. OOOOOE+OO 
0. OOOOOE+OO 


5. 82746E-18 
0. OOOOOE+OO 


-1. 77498E-22 
0. OOOOOE+OO 


1.64954E-27 
0. OOOOOE+OO 


A(5) 


0.00373007 


U. 6888988 
0.0OOOOE+O0 


0. OOOOOE+OO 
0. OOOOOE+OO 


-5, 53902E-12 
0. OOOOOE+OO 


-4. 32712E-16 
0. OOOOOE+OO 


-1.54425E-19 
0. OOOOOE+OO 


U<e) 


0.00240387 


-0.002587 
0. 000O0E+O0 


0. OOOOOE+OO 
O.OOOOOE+OO 


-6. 78955E-16 
0. OOOOOE+OO 


-B.39621E-21 
0. OOOOOE+OO 


-2.95854E-25 
0. OOOOOE+OO 


|#fiB«S=l 3nm 



[0 0 4 7] H6lt mdtm&VhZhCDOfoOttW 

«rffi4H**« msmmmm) st^ltv>s 0 



/n'^^S:, Code V (SftffigD *5tC^ 

r. 

[315] 
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tarn* 








947 




INF 


103.2808 
229.3042 


197. 1B74 




js 1 


A<1) 


-39.2890 
-180. 0162 
0.0000 


157.6222 
142. 1492 

67.2659 


REFL 


I s 2 


A(2) 


219.3042 
131.2051 
0.0000 


67.4347 
167.6875 

228,0182 


REFL I 


S3 


A(3) 


-131.2051 
-247.6850 


232.3162 
401.4441 


REFL 


S 4 


A(4) 


378. 7901 
134. 4001 
348.6086 


613. 5493 
355.7774 

268.3735 


KEFL 


S5 


A(5) 


-348.5086 


81. 5255 


REFL 


S6 


A<6) 


348.5086 


269.2453 
75.4983 


REFL 






36.1195 


53.9942 









K 

E 


>» /l ]+<iOY«+ 

A 

F 


♦ (EHMF)rV 

B 

G 


C 
B 


D 
J 


A(l) 


-0. 00061616 


a oooooo 

-7. 07209E-27 


-5. 194O2E-09 
0. OOOOOE+OO 


1.09614E-13 
0. OOOOOE+OO 


-3.44B21E-18 
0. OOOOOE+OO 


I.58573E-22 
0. OOOOOE+OO 


A<2) 


0.00066911 


0. oooooo 
1. 846142-29 


1.69112E-08 
0. OOOOOE+OO 


2.39908E-12 
0. OOOOOE+OO 


2.89763E-L6 
0.0000OE+OC 


1.00572E-19 
0. OOOOOE+OO 


A(S) 


0.00140031 


0.000000 
-2. 23484E-28 


-B.71271E-10 
0. OOOOOE+OO 


-1.47622E-16 
O.OOOOOE+00 


-3.40869E-20 

aoooooE+ofl 


4.32196E-24 
0. OOOOOE+OO 


A(4) 


0.00143731 


0.000000 
1. 49857E-32 


2. 18165E+12 
-8.61043E-38 


2.65405E-17 

o.oooooe+oo 


-2.01757E-22 

aoooooE+oo 


1. 14856E-2B 
0. OOOOOE+OO 


A<5) 


0.00378996 


0.000000 
5. 75469E-24 


8.54406E-08 
0. OOOOOE+OO 


2.25929E-12 
O.OOOOOE+OO 


3. 36372E-L6 
0.OOOO0E+OC 


1.92565E-20 
0. OOOOOE+OO 


A(6) 


a 00246680 


0.000000 ! 
6. 91279E-30 


-3.6I754E-12 
0. OOOOOE+OO 


-8.29704E-16 
O.OOOOOE+OO 


-1. 53440E-2C 
O.OOOOOE+OC 


-2. 24433E-25 
0. OOOOOE+OO 




■13nn> 



[0 0 4 8] 0 7 AjottO^IH 7 B F± x 

#g>«»-o*>*. z<d®^ tffliiott, s&r 
mm i o 2<Dm®-rjhz> 0 &*&r 10211 »io 

0 4#, Sifc&Rl 0 2±[:fttLT^So m2<DW>K 

^M 06, 1 0 8K:*5i^t\ << ^f^aMftUftb 
-ScLT^^o 8imW.®D\* > &&R10 2 

[0 0 4 9J EJLhttW LfcJ: EUVR 

<i*4te, 5 ftp, *fctt6«^^-^b^^-/uS:# 



So 

[01] <f»BKy-^i, S2>7-^3^7-t 
oM^jsitaT^-fe^eftftBBPfflR^at, 0. 2b 

<£><5o 

[02] #B«lf9i*W#fB5, 6 8 6, 7 2 8fCi 
0T*fc5 o 

[03] 3g3 ^7-^4 $7-ta>BB^EES*ifc 
aw***™***. 

[0 4] #25 7-±icbb p«Hia#asr*ri-5 1 £ t> 

lciff«l#5 9mm-CJb6J:}4, CO® 311* 

mmz^'tmxhz. 

[05] *H^*— S^t, 0. 28i^5iPSNA 

b, ^^-^\zmh^^y-(D^^(Dm3^(Di 

t 2 0-3 0mm(O®S^$ t(0^tfg$^/h^$ 

b-rz-c* ~i?w±\z&vz>yt¥&}®ftmmb , 
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ft. *3BW©»4jat»tt«r*i-H-C*>6. SI 
[06] tfUH^-v^ 0. 30*^5§BP»NA S2 ®2^7- 

[07] @7A*3i:UJ@7Btt, t*t*ft«C«»*il S4 ®4^y- 

I«*©M!] S6 ^6>7- 

4 £ a:— 

[01] [02] [03] 




-14- 



l®5] 




-15- 



[0 7] 




-16- 



